Introduction
Public transport, as a mode of transportation moving people from one place to another by publicly-used forms of conveyance (Levinson et al. 2015) , plays an essential role not only for providing sustainable transport forms (Krygsman et al. 2004 ) and serving the urban and inter-urban travel needs of those who are dependent on efficient transport means, but also for supporting social equity principles (Webster and Bly 1982) . The performance of local public transport in terms of accessibility, safety, and efficiency not only affects inhabitants day by day, but also influences the destination satisfaction of visitors such as business travelers and tourists (Thompson and Schofield 2007) . Further, the quality of public transport as well as the interplay between different inter-urban and urban transportation systems, including car and bike sharing systems, become increasingly important not only in our modern society, but also in developing countries (Sohail et al. 2006) . Public transport demand is stimulated by social and economic conditions (e.g., city population, income, car ownership, land use) as well as by direct demand factors such as fares and service quality (Webster and Bly 1982) . Against this backdrop, public transport Scientometrics refers to quantitative studies and methods to measure and analyze science from a meta-perspective (Van Raan 1996; Schwarze et al. 2012) . Scientometric studies can support the development and improvement of an academic discipline (Lewis et al. 2007; Straub 2006 ) by serving as a vital basis for defining and debating future research agendas (Serenko and Bontis 2004) . Assuming that scientific activities are reflected through scientific publications, scientometric studies apply empirical measures to analyze scientific output of a specific field. A scientometric analysis can give some indication of research activities in general, such as with respect to research outlets, research impact, co-citations, influential countries/affiliations/authors, and development of key topics. For further reading, see, e.g., Hood and Wilson (2001) , Leydesdorff (2002) , Leydesdorff and Schank (2008) , Van Raan (1996) , Straub (2006) , and Voß and Zhao (2005) . Going further, scientometrics, as an evaluation tool of science, increasingly impacts the resource distribution of research institutions (Voß and Zhao 2005) and can be used to analyze how research is funded. While evaluating science has a long tradition in many fields, we identified an absence of scientometric studies in the area of public transport research.
In this paper, we present a comprehensive scientometric analysis that empirically explores publications related to public transport covered by Elsevier's Scopus database from 2009 to 2013. Although it might be interesting to extend the timeframe, we intended to focus on the past five years to better reflect recent developments rather than biasing implications with long-term developments. The latter may be considered in future research. For the analysis of short-term developments, we aimed to comprehensively cover publications that are available in Scopus for that timeframe to provide empirical insights on public transport research in general. In total, we investigated 7,868 publications. With our study, we aimed to explore general patterns on how research is conducted and conveyed within the community as well as what key contributing and influencing forces are serving the current and future development of public transport research. Our scientometric analysis was structured according to these research questions. By applying scientometric means to the body of publications, we provided extensive insights into publishing patterns (e.g., academic disciplines, contributing countries, number of authors, and distribution of outlets) and analyzed frequent keywords as well as keyword co-occurrences to identify widely-discussed topics and current trends. Finally, we explored the application of Lotka's law, which describes a frequency distribution of scientific productivity widely applied in scientometric studies.
Generally, this paper presents novel insights from a meta-perspective. Due to limitations of space, this study does not intend to give an overview of public transport in general (for further reading, the reader is referred to, e.g., Larson and Odoni 1981; Ceder 2007; White 2008; Levinson et al. 2015 , together with some of those contributions to the field exemplified in the appendix that follows). To the best of our knowledge, this is the first scientometric analysis in the field of public transport research.
The remainder of this paper is organized as follows. The next section briefly describes the methodology and methods being applied. Then, publishing patterns are investigated and further analyzed to understand the consistence of the research area. Key topics as well as dependencies between topics of public transport research are observed by analyzing top keywords and keyword clusters, and the impact and productivity of public transport research is examined. The results from applying Lotka's law to our observations are also presented, and, finally, a conclusion and ideas for further research are given.
Research Methodology
Several steps were necessary to retrieve scientometric findings from a selection of publications. This scientometric analysis intended to explore a large number of peer-reviewed publications published in the years [2009] [2010] [2011] [2012] [2013] in, or at least strongly related to, the field of public transport research. We chose a period of five years to focus primarily on recent publications. A comprehensive and accurate collection of corresponding publications builds a foundation to gain empirical evidence for supporting the meta-scientific findings. The methodology basically encompassed the phases of data collection, data cleansing, data processing, and proofreading, further explained in the following.
Data Collection and Cleansing
For the collection of bibliographic data, we used Elsevier's Scopus, which provides advanced functionality to export structured data, including citations and bibliographic data as well as abstracts, keywords, and references based on a search query. A comprehensive collection of structured data on publications builds the basis for semi-automatic data processing activities and minimizes extremely cost-and labor-intensive manual processing (Heilig and Voß 2014; Serenko and Bontis 2004) . The reason for choosing Scopus is that it provides decisive advantages over other bibliographic databases such as Thomas Reuter's Web of Science (WoS). In addition to advanced export functionality and more frequent updates, Scopus covers more than twice as many publications from the area of public transport research (see Table 1 ). In comparison, WoS covers only 53% of the transport-related journals that are indexed by Scopus and does not provide any additional journals that are not already covered by Scopus (see Appendix A). The numbers also indicate a constant increase of publications, which was recently discussed in Banister (2014) . Although Google Scholar stands out in its coverage of citation counts, it does not provide means to export structured bibliographic data. Nevertheless, we manually incorporated citation counts from Google Scholar to provide a more accurate picture on top publication citation patterns (see Appendix B). A limitation of using bibliography databases is, however, that it can take a while until new publications are indexed. To retrieve a comprehensive amount of publications, a generic search query is used based on empirical observations during our study. We used the terms *public transport*, *public transit*, *mass transit*, and *urban transport* in the fields Title, Abstract, Keywords, and Source Title (title of the publication outlet). The asterisk represents a wildcard character so that other terms such as urban transportation also are considered. As we also obtained some non-related publications from fields such as biochemistry and medicine (mainly due to the term mass transit), we further refined the search query by specifying superior research disciplines, including engineering, geography and environmental science, material science, energy, decision sciences, mathematics, computer science, business and economics, and social sciences. 
Data Processing
Besides rather general classification and aggregation methods, we applied scientometric methods from the literature to measure research productivity and impact. Further, we implemented methods to analyze keywords and keyword clusters.
Research Productivity
Research productivity is measured predominantly by the aggregated number of publications of an individual author, a specific affiliation, and/or of a certain publication outlet. Different approaches are used in the literature to measure research productivity: straight count, author position, and equal credit (Holsapple et al. 1994; Serenko and Bontis 2004) . The straight count method assigns a score of 1 to each of the co-authors of a publication and, thus, does not discriminate among authors. Although this might be reasonable for alphabetically-ordered author lists, the method undervalues the productivity of single-author papers and favors individual co-authors of multi-author papers in which the main contributor is the first author. In contrast, the author position method assigns higher scores to anterior authors (Howard et al. 1987) . The consideration of the author's position, however, might lead to erroneous results when author lists are ordered alphabetically. The equal credit method compensates those errors by scoring individual authors based on the reciprocal of the number of authors. Consequently, the productivity of individual authors decreases by each additional author. In this study, we focused on the equal credit method, as it involves the least tradeoff and error-proneness.
Research Impact
The research impact was measured based on the citations of publications. We calculated the individual citations of journals, conferences, affiliations, and authors as well as the Normalized Citation Impact Index (NCII), which takes into account the longevity of publications (Serenko and Bontis 2004) . Note that we considered all citations for measuring impact, not only those retrieved from publications within our selection.
Keyword and Keyword Cluster Analysis
To analyze current focus areas, trends and the interrelation of certain keywords in the field of public transport, we implemented a method for counting all occurrences and co-occurrences of keywords. While the latter involves a huge amount of comparative operations to identify and count common combinations of keywords, a simple count method as used to retrieve top keywords.
Proofreading
To ensure the correctness of the scientometric findings, semi-automatic reviews were conducted to find and correct inconsistencies. These inconsistencies might result from a non-standard specification of certain metadata or missing identification numbers. For instance, the author's affiliation description might occur in different forms and may require careful checking to determine if identical authors are merged correctly; otherwise, related data must be merged manually.
Analysis of Publishing Patterns
To begin, we analyzed the overall consistence of public transport research in terms of publishing patterns. First, we identified major scientific disciplines mainly responsible for the progress in this area of research. Then, we identified contributing countries and investigated publishing patterns on the document level. This involved an analysis of the co-authorship distribution, distribution of document types, referencing patterns, and the number of publications per publication outlet to partially understand how research is produced and conveyed within the community.
Academic Disciplines
To better understand the consistence of public transport research, it is essential to analyze the distribution of main contributing academic disciplines. Thereby, some implications on dominant disciplines can be derived in general. Note that Scopus assigns each publication to at least one academic discipline, i.e., subject area (Scopus 2012). The range of subject areas is limited and not specifically related to the area of public transport. Due to these limitations, we extend the analysis of subject areas by specifically analyzing keywords presented in a later section.
The results in Table 2 reveal some interesting patterns. While it is not surprising that most of the research activities stem from social sciences and engineering, the high percentage of computer science-related research demonstrates the importance of information and communication technology (ICT) and information systems in public transport nowadays. Further, the environmental impact of public transport systems increasingly is being investigated, leading to research on eco-friendly fuel and vehicle alternatives, traffic control, and other measures for reducing harmful air pollution. This requires more research on the interface between public transport and other disciplines such as computer science and environmental science. The small percentage of research from mathematics and decision sciences, which plays an essential role in the planning and operation of public transport systems and related structures (such as for route design, timetable development, and crew scheduling; see e.g., Ceder 2007; Kroon et al. 2009; Levinson et al. 2015) , can be explained by the fact that more than one academic discipline can be assigned to one publication. Further note that the small share of economics-related research does not mean that research is not based on economics, but that related publications often are not, or not only, labeled as pure economics research papers. As the field involves a lot of interdisciplinary research, theories and methods from the field of mathematics and decision sciences often are combined with engineering and computer science research activities. The same applies for studies focusing on public transport aspects from a business and economics perspective-for instance, in the context of infrastructure investments, which is also related to engineering research (e.g., civil engineering). The concentration of research activities of the various academic disciplines also is reflected in the results of the keyword and keyword cluster analysis described later, in which important topics and interrelations between topics are explored.
Contributing Countries
Next, we analyzed the distribution of contributing countries. To consider the impact of contributions, we separately investigated the main contributing countries of publications that are cited at least 10 times by other publications. Table 3 lists the top contributing countries of both selections with a contribution frequency f of at least 1.00%. The numbers indicate that most of the publications are published by scholars from China (18.82%), followed by a large portion of publications from the United States and the United Kingdom. Note that we do not distinguish whether an author is a native or, for instance, a visiting scholar publishing with an affiliation in the respective country. The numbers demonstrate that most research contributions are from countries with a relatively large share of public transport. Some of them are facing serious transport problems, such as those related to traffic congestion (see, e.g., Vickerman 2000) . Nevertheless, we must consider that some countries, such as the United States, United Kingdom, Germany, and China, are generally top research contributors in rather fundamental topics important for their development due to their leading role in the global economy and technological progress, as also demonstrated in other scientometric studies (see e.g., Heilig and Voß 2014) . Taking into account the number of citations, we observe that authors from the United States (21.84%) have published most of widely-recognized publications. 
Co-Authorship Distribution
By analyzing the co-authorship distribution, we observed that the number of co-authors per publication (f) lies between 1 and 3 for almost three-quarters of all publications n, as shown in the last column of Table 4 . A relatively high percentage, at an average 22.06% of publications, is published by a single author. Although a high number of authors might indicate that collaboration may have some advantages over research by individual researchers, for instance, due to the high degree of interdisciplinarity in the field, the numbers demonstrate that public transport research often is very specialized and concerns individual issues, for instance, based on certain conditions in an area of interest. The high percentage of single-authored works underlines these findings. By analyzing co-authorship distribution for multiple time-periods, however, we identified a decline of single-authored publications and a general increase of publications that are published by more than three authors. One of the main reasons is the growing demand for integrative approaches to further advance public transport, requiring interdisciplinary and transdisciplinary research collaborations. 
Publication Outlet
The conscious selection of an appropriate publication outlet often impacts the visibility and citations of publications. Therefore, we explored the distribution of publication outlets to identify the preferences of the community in terms of sharing and conveying knowledge. In Table 5 , the numbers show that most of the publications, average 54.39%, are published as a journal paper. An increasing pressure to publish and the growing competition among journals and conferences further contribute to a growing number of publications per year (Banister 2014) , leading to a discussion on different publishing strategies of authors and editors as well as on the quality impact (see, e.g., Faria and Goel 2010). The numbers of journal and conference papers lie close together, and the distribution seems to be stable for the period 2009-2013. Although in some fields conference publications are preferred, such as in computer science (Vardi 2009 ), the main reason for scholars to choose a journal is that their work naturally gains superior consideration, in particular if the journal has a high impact factor or a good reputation (Banister 2014) . Apart from that, some scholars may prefer to get quick feedback and to present and discuss current progress to an (international) audience of researchers in the same field for which a dedicated conference would be a better choice. In the field of public transport, we see that both alternatives are frequently used to convey knowledge and insights of research activities.
Referencing Patterns
Next, we analyzed reference patterns of journal and conference papers having a nonempty bibliography. From a scientometric perspective, referencing patterns are essential to understand to what extent existing works build the basis for research progress. In this context, "efficient" means that a publication has a high impact and, thus, largely contributes to the existing knowledge basis. For this purpose, we compared the median (MED) of references per publication with the number of citations. We chose the median as it represents a robust statistic. Generally, we distinguished between journal and conference papers, as depicted in Table 6 . A table row describes the median number of references MED depending on the minimum number of citations that a group of publications n receives. For example, the median number of references of a journal paper that is cited by 25-49 other publications is 36; the median of a journal that is cited by 1-4 other publications is 27. The numbers show a general pattern: a publication retrieves more citations the more publications it cites. Indeed, the coverage of important works is generally recognized as a significant indicator for the impact of publications (Straub 2006) . By comparing journal and conference referencing patterns, we observed that journal papers contain more references in general, mainly for the simple reason that the page limits for conference papers often are more restrictive forcing scholars to cut some references.
Keyword and Keyword Cluster Analysis
After analyzing some general publishing patterns, a keyword analysis was conducted to gain deeper insights into important topics, current trends, and relationships between topics reflected by keyword clusters. This supports a better understanding of focus research activities. Generally, keywords are used to abstractly summarize and classify the content of a scientific publication. By aggregating the occurrence of keywords in consecutive time periods, it is possible to identify research trends. Implicit relationships between topics can be identified by analyzing co-occurrences of keywords. For gaining these insights, we implemented methods to aggregate unique keyword occurrences and occurrences of keyword clusters with different lengths. Based on the large bibliographic data basis, we extracted 22,247 unique keywords and analyzed top keywords in the area of public transport. A ranking of keywords with a high frequency (f greater than or equal to 50) is shown in Table  7 , indicating the importance of certain topics, challenges, methodologies, and technologies frequently discussed in the last five years. At a glance, important topics can be identified, such as reflected by the keywords accessibility, traffic congestion, bus rapid transit, sustainable transport, and mobility. Plenty of research activities aim to find sustainable solutions for related challenges currently faced in particular by urban/metropolitan areas. This includes activities in designing transport policies and involves urban and transport planning as well as urban development based on surveys, optimization, and simulation studies with regards to transport economics, efficiency, and environmental impacts. Moreover, the keyword ranking demonstrates a focus of research on certain transport modalities such as buses and light rail vehicles. We further see that the top three contributing countries appear in the ranking of top keywords. This confirms that research on public transport often is related to certain countries with a relatively large share of public transport often facing severe challenges of implementing and advancing their public transport systems, as demonstrated by the ranking of top contributing countries. We also can see the strong influence of transportation research in general due to its implication on public transport (e.g., regarding infrastructure and safety aspects) as well as due to the impact of public transport on transportation in general (e.g., regarding sustainable transportation planning and development). Moreover, the importance of innovative technologies and information systems is confirmed, reflected by the keywords GIS (geographic information system), traffic control, and intelligent transportation systems (ITS). This further explains the essential role of computer science-related research, or, in general terms, the importance of interdisciplinary research in the field of public transport. By analyzing the occurrence of some particular keywords per year, it is possible to identify some current trends, for example, related to the focus on sustainability and transport vehicle technologies, expressed by the keywords sustainability, bus rapid transit, and electric vehicles. These exemplary research trends are depicted in Table 8 . Topic coherence can be observed by analyzing keyword co-occurrences. We used the term keyword cluster to describe a group of a certain number of keywords that co-occur frequently. As mentioned previously, a method was implemented to investigate the occurrence of all possible keyword combinations of different length by a pairwise comparison of respective keyword clusters. As some keywords refer to the superordinate area (e.g., transportation, public transportation, mass transit, urban transport, etc.), we excluded these keywords for the keyword cluster analysis to gain meaningful results. In the following, we present the results of the keyword cluster analysis for keyword cluster with two elements (Table 9 ) and three elements (Table 10) . While some keyword clusters only contain word synonyms (e.g., gas emissions and greenhouse gases), some keyword clusters expose multiple interesting interrelations, such as between multimodal transportation and cost effectiveness, which reflects the impact of public transport as a part of transportation in general. Some keyword clusters further reveal the coherence between fundamental topics, such as that transportation planning is related to transportation infrastructure and transportation development as well as to transportation safety and road transport. Consequently, the keyword cluster analysis provides the data for creating a topic network, which consists of nodes (representing topics) and edges (representing the relationship between topics). An extension of the keyword analysis would be the application of text mining methods based on the content of the publication (e.g., a simple word count). As computational time exponentially grows by increasing the number of publications to be analyzed, it would be beneficial to implement the method as a MapReduce algorithm to count words in publications in a parallel fashion to measure their importance (see, e.g., Akritidis and Bozanis 2012; Agrawal et al. 2011; Dean and Ghemawat 2008) . 
Citation Patterns
After providing some insights into publishing patterns, current topics, and related trends, we evaluated the impact of contributions by applying scientometric means. A widely-accepted indicator for measuring the impact in a field of research is the number of citations a contribution receives. As the time a publication is available has a significant influence on its citations, we used both aggregated citations and NCII. The NCII makes citations of publications comparable by taking into account the longevity of each publication, which refers to the number of years the publication has been in print (Heilig and Voß 2014; Serenko and Bontis 2004) , as shown in equation (1). A paper published in 2009, for instance, has a publication longevity of five years. Citations of the first year fully count for the calculation.
(1)
Overall Citation Patterns First, we analyzed the distribution and impact of publications in general. The numbers in Table 11 reveal some important patterns. The time significance is reflected by the contrary trend of citations concerning the number of publications. Generally, an increase of the average NCII per publication can be observed for the first two years. In contrast, the results show a declining trend of the average NCII per publication between 2011 and 2013 and a strong decrease in 2013. One of the main reasons for a lower average NCII in 2012 and 2013 is that a lot of works citing those publications still are not covered in Scopus. Nevertheless, we observed that the standard deviation of the numbers from the average NCII per publication over time between 2009 and 2012, which is 0.06 from a mean of 0.67, is not significant. Consequently, we observed that the distribution of citations is evenly distributed. 
Outlet Citation Patterns
As shown previously, the large number of journal papers suggests that the scientific community in the field of public transport publishes mostly in journals. By analyzing the distribution of citations with regard to different publication outlets, the reason for the superior role of journal papers becomes obvious. Although conference papers account for only 8.52% of the overall citations on average, journal papers have a huge scientific impact, accounting for 86.99% of the overall citations. Journal Citations Due to the superior role of journal papers and their scientific impact, a ranking of topcited journals (see Table 13 ) has been generated to reflect the impact of specific journals. While n is the number of publications related to public transport, nall reflects the number of all articles published by the respective journal within the defined time period to demonstrate the concentration of public transport research in those journals. 
Publication Citation Patterns
As a further step, we measured the impact of individual publications and generated a ranking of top publications in the area of public transport research (see Appendix B; note that not all articles in the ranking are referenced in the bibliography). For this purpose, the NCII and the total count of citations f for each publication is calculated. An additional column, Rf, includes the ranking by the total count of citations. Publications with a high citation number and a relatively low NCII are attached in the end of the ranking, ordered by f. Moreover, we added citation information of Google Scholar f G (as of August 26, 2014) and a respective ranking RfG. We observe that important topics, identified with the keyword analysis, are represented in the titles of top publications. The ranking further provides an overview on important literature in the area of public transport. 
Affiliation Citation Patterns
Finally, the performance of research institutions in terms of citations was evaluated. The NCII is calculated based on the citations of authors belonging to the affiliation at the time of publication. In the ranking of the top 30 affiliations in Table 15 , we see that the University of Toronto, the University of California, Berkeley, and Monash University are the leading research institutions in the field of public transport. Most of the influential affiliations are from the United States confirming the results given in an earlier section. 
Research Productivity
The scientometric measurement of research productivity is just as important as analyzing citation patterns for the evaluation of science from a meta-perspective. The overall research productivity is an important indicator for the development of a field of research. It reflects the number of publications individuals contribute to the overall knowledge base within a specific time frame.
Individual Research Productivity
First, we focused on the individual productivity of scholars by using the equal credit method, as discussed earlier. Table 16 provides a ranking of the top 20 scholars in terms of research productivity based on the overall number of co-authored publications, n. The top three scholars are Corrine Mulley (University of Sydney), Graham Currie (Monash University), and Avishai Ceder (University of Auckland). Graham Currie is also one of the most cited authors (Rank = 5, see Table 14 ). Most of the top contributors are from institutions located in China, which confirms the results of the contributing countries analysis given in an earlier section. As an extension of that section, we see that mostly the high productivity of a handful of scholars located in Australia contribute to the overall productivity. Moreover, we see that only one scholar from the United Kingdom, John Nelson (University of Aberdeen), is in the top 20 of highly-productive scholars. Consequently, the high overall productivity of institutions located in the United Kingdom (see Table 3 ) must be generated by a large number of scholars carrying out research in the field. 
Lotka's Law
We extended the analysis on research productivity by exploring the overall productivity distribution patterns of all authors being active in the field of public transport. This helps not only to understand the structure of this field, but also enables a comparison with other fields and an estimation of future research productivity. For this, prior scientometric studies tested the application of Lotka's law (Serenko and Bontis 2004) , which describes a frequency distribution of scientific productivity in a certain field of research. According to Alfred J. Lotka, the proportional relationship between the number of scholars accounting for p publications is about 1/p α , where α = 2 (Coile 1977) . On basis of these observations, the theoretical relationship between the number of publications p and the proportional number of all authors making p contributions f(p) is expressed by equation (2):
where α and C are non-negative constants to be determined from the observations and p = 1, 2, 3, 4, etc. The constant C corresponds to the number of authors who have contributed to the field only once, as in Serenko and Bontis (2004) . The start and end point of the time period of investigation are arbitrary as a matter of principle (Wagner-Döbler and Berg 1995) .
According to Pao (1986) , the Lotka distribution is independent on the period of time investigated. To test the application of Lotka's law, an optimal value of α must be found that fits the distribution of observations. This value can be used to verify Lotka's law and to predict an approximate number of authors contributing a certain frequency of publications (Kretschmer and Rousseau 2001; Serenko and Bontis 2004) . Therefore, we calculated the optimal value for α minimizing the sum of absolute errors. By this, we found an α value of 2.62, which is considerably higher than the theoretical α proposed by Lotka (α = 2), but not exceptional regarding other scientometric studies. As discussed in Serenko and Bontis (2004) , prior scientometric studies in other fields obtained different values for α within the ranges of 1.5 to 3 (Bonnevie 2003) , 1.95 to 3.26 (Chung and Cox 1990) , and 2.21 to 2.46 (Cocosila et al. 2011 ).
The reason for the higher value of α in the area of public transport is that approximately 78.98% of contributors have published only one publication, whereas Lotka assumed that approximately 60% of contributors have a single publication (Coile 1977) . This phenomenon can be explained by the fact that scholars often collaborate with practitioners whose primary concern is to explain and solve specific problems rather than producing extensive research on a variety of problems. Thus, those non-academics tend to publish less frequently than academics. Further, note that selecting a certain time period in the development of a scientific area has effects on the frequency distribution, as it generally depends on the individual behavior of authors and on the inflow of new authors (Wagner-Döbler and Berg 1995) .
Furthermore, the inequality of the frequency with which scholars are able to contribute has roots in the Matthew Effect (Wagner-Döbler and Berg 1995) and the related theory of cumulative advantage proposed by Price (1976) . That is, more eminent scholars are given more credit and are repeatedly rewarded by other scientists. A good reputation promotes the collection of research funds and cultivates co-authored publications with other scholars aiming to collaborate. In Appendix C, we compared the domain-specific optimal value α as well as the aggregated error with the theoretical α proposed by Lotka (α = 2). By analyzing the coefficient of determination (R2), we observe that both the predictions for α = 2 and α = 2.62 fit well to the observed number of authors (R 2 α=2, α=2.62 ≥ 0.99). Of course, R 2 is improved by finding the optimal value for α as the aggregated error decreases. Consequently, we demonstrated that Lotka's law can be used to predict the number of authors that contribute p = 1, 2, 3, 4, etc. publications.
Conclusion
In this study, we conducted a scientometric analysis of public transport research based on a large bibliographic data basis of respective contributions, published in the period from 2009 to 2013. With the empirical findings of this scientometric analysis, we provide novel insights into a range of publishing patterns. The results indicate that most contributions are produced in the United States, China, and the United Kingdom and that mostly social science, engineering, and computer science disciplines are involved. Regarding co-authorship, we see a trend towards multi-authorship contributions to better address interdisciplinary research challenges. Knowledge is conveyed primarily through journal papers, which gain superior consideration in comparison with conference papers. Further, we observe current research topics and trends as well as relationships between topics by analyzing keywords and keyword clusters.
The results demonstrate the role of research in designing public transport policies and planning based on surveys, optimization, and simulation studies that consider economic, efficiency, and environmental factors. In addition, the importance of innovative ICT solutions and information systems for public transport is reflected. The concentration of topics and trends can be compared with current and future challenges for elucidating research gaps. In general, we see a trend and major research efforts to better integrate different problems and research disciplines in the area of public transport, allowing for system-wide improvement and innovations based on interdisciplinary and even transdisciplinary research activities.
By applying scientometric methods, we further present valuable rankings on current driving forces in terms of research productivity and impact, respectively, as well as on research outlets and topics. The intention of this study was to provide a novel meta-perspective on public transport research that extend common review papers and further helps scholars and practitioners to get a quick overview on important aspects. Consequently, our results may help steer individual projects, extend research collaborations, and select a proper publication outlet, to name a few benefits.
Finally, we conducted an experiment to verify the satisfaction of Lotka's law, showing that the distribution of productivity can be compared to several other research areas as our results show that the theoretical distribution fits to the observed data. Methodologically, the empirical findings demonstrate the strength of a scientometric analysis to extensively investigate a field of interest. As demonstrated, the results of the scientometric analysis are not only valuable for discussing and defining future research agendas in the area of public transport. Technically, the semi-automated process of assessing a large amount of publications makes it possible to easily obtain a comprehensive overview of a particular research area. This, in contrast, cannot be achieved by a structured literature review to that degree. Therefore, the study represents a good starting point for academics and practitioners to identify the sources and concentration of the existing knowledge base.
For further research, the temporal scope of our scientometric analysis could be expanded to explore long-term developments in the area of public transport. In methodological terms, we intend to investigate network structures among authors as well as the relationship between topics and authors. A respective visual representation would help to see at a glance pivotal elements and their connections to each other. By exploring those connections, we aim to measure and explain their potential impact on the structure and development of public transport research from different perspectives, for instance, by exploring the effect of maintaining a high level of collaboration or networking in scientific circles on research productivity and citations of individual authors.
Another interesting aspect for further research is the analysis of collaboration structures between academics and professionals to explore how public transport research is influenced by practice. More importantly, the analysis of network structures may help to observe the lack of research or collaboration such as by identifying missing connections (e.g., between topics), as shown in Schwarze et al. (2012) . Technically, we intend to further improve the applied data processing methods to further reduce manual proofreading activities by means of data mining techniques and accuracy metrics. In this regard, we aim to apply MapReduce algorithms to parallelize computations to reduce computation time. 
